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Repair of Congenital Mitral Valve Insufficiency
Roland Hetzer, MD, PhD, and Eva Maria Delmo Walter, MS, MD, PhDPrinciples of Mitral Valve Repair
We believe that mitral valve repair for congenital mitral valve
incompetence allows undisturbed somatic and valve growth,
delays the need for future valve replacement, and avoids antico-
agulation. It must be assumed that most, if not all, mitral valves
repairedduring childhoodmay eventually have to be replaced at
some time in life. The concept of repair for congenital mitral
valve incompetence in childhood is primarily aimed at growth
of the patient to an age when, if necessary, an adult-sized pros-
thesis can be implanted. This is best achieved by a spectrum of
repair techniques applied individually, and which avoid any
kind of prosthetic material. Repair should be performed using
sutures and autologous pericardium only. We use untreated
autologous pericardium for posterior annulus reinforcement
and as pledget material. There has not been any incidence of
calcification, shrinkage, infection, or thrombus formationon the
pericardial strip. In reoperation, the pericardium has been seen
to be completely endothelialized, perfectly integrated into the
annular tissue, and indistinguishable from the atrial endocar-
dium. When used as an annular reinforcement, the pericardial
strip should not lead to further annulus shortening; however, it
should stabilize the suture-dependent repair and increase the
height of the posterior leaflet coaptation counterpart. Stabiliza-
tion of repair with an autologous pericardial strip allows the
mitral valve to grow along the anterior annulus.
The primary goal is to achieve complete and rapid closure
of the mitral orifice by a well-mobile anterior leaflet and a
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leaflet closer to the anterior leaflet. There should be no su-
tures placed along the anterior leaflet annulus. Depending on
the particular etiology of the mitral valve incompetence, sev-
eral repair techniques may be required to achieve a compe-
tent valve. One must remember that the minimal final mitral
valve opening area is 3.5 cm2 in adults and should not be
smaller than 10% below the norm according to the body
surface area (BSA) in children. Precautions must be observed
to avoid systolic anterior motion (SAM), caused by excessive
annulus reduction and too wide a coaptation area, visible by
“folding” of the anterior leaflet when the valve is tested with
saline instillation into the ventricle.
Evaluation of the
Adequacy of Repair
After repair of the mitral valve, it is obligatory to assess the
valve function before closure of the atrium and separation
from cardiopulmonary bypass. This is done by transvalvular
saline injection with a bulb syringe under pressure. Any re-
maining areas contributing to significant prolapse must be
attended to before closure of the atrium. Once de-airing has
been completed and extracorporeal circulation is discontin-
ued, the repair result must be further evaluated with intraop-
erative transesophageal echocardiography to demonstrate
mitral opening area, residual incompetence, myocardial
ischemia due to coronary kinking, and presence of the
SAM phenomenon. Immediate and prompt correction
must be made if the repair is shown to be unsatisfactory.
Regardless of the underlying pathologic condition and
techniques used, no patient should be discharged from the
operating room with more than minimal mitral valve in-
competence.
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Figure 1 (A) Approach. Mitral valve
repair is performed through either a
median sternotomy (optimal if other
associated congenital heart lesions are
present, especially in infants and
young children) or a right anterolat-
eral thoracotomy in the 5th intercos-
tal space (a relatively good approach
for exposure of the atrioventricular
valves, especially when the patient
has had previous surgery and a repeat
median sternotomy would prove dif-
ficult due to scarring and adhesions;
in adolescents and adults, it is may be
the patient’s choice for cosmetic rea-
sons). (B) Aortic and bicaval cannula-
tion is performed and the cavae are
snared. Antegrade intermittent cardio-
plegia infusion every 10 to 15 minutes
is the rule. Blood cardioplegia and nor-
mothermic bypass is used in older chil-
dren; cold crystalloid cardioplegia with
moderate hypothermia (28°C to 32°C)
is preferred in infants and small chil-
dren for myocardial protection. A car-
diac vent through the left atrium is em-
ployed after repair and tounload the left
ventricle until discontinuation of extra-
corporeal circulation.
We expose the mitral valve and the
subvalvular apparatus through a left
atriotomy via a direct incision along
the interatrial groove. Alternatively an
approach via the right atrium and the
interatrial septum may be used (the
transseptal incision can be applied in
cases of additional surgical steps on
the right heart, preexisting defects of
the septum, or large ventricles). LA
left atrium; RA right atrium; RAA
right atrial appendage; RIVP  right
inferior pulmonary vein; RPA right
pulmonary artery; RSPV  right su-
perior pulmonary vein.
262 R. Hetzer and E.M. Delmo WalterFigure 2 This incision is then carried through the septum longitudinally through the fossa ovalis, directed toward the
entrance of the superior vena cava. This approach provides excellent exposure of the mitral valve leaflets and the
subvalvular apparatus (inset) in even the smallest atria, seen in infants and small children. MV  mitral valve; RA 
right atrium.
Repair of congenital mitral valve insufficiency 263Figure 3 (Inset) We usually prefer the left atriotomy approach. With a scalpel, a vertical incision is made along the
interatrial groove. The incision is extended cephalad beneath the superior vena cava into the roof of the atrium, and
caudad under the inferior vena cava to the bottom of the left atrium. The heart is gently rotated with retractors to expose
the mitral valve toward the surgeon. LA  left atrium; MV  mitral valve.
264 R. Hetzer and E.M. Delmo WalterFigure 4 (A and B) Assessment of valve anatomy. Particular attention should be given to the leaflet coaptation, the
chordae, and the position of the papillary muscles. Leaflet coaptation is assessed with a forceful injection of saline with
a bulb syringe through the valve. This maneuver will demonstrate prolapse of any portion of the valve that is present.
The surgeon may place traction sutures at each commissure to elevate the annulus and allow better appreciation of the
valve. (B, Inset) Using a nerve hook, the posterior leaflet is drawn out near the anterolateral commissure; the same is
done with the opposing portion of the anterior leaflet. There should be good apposition of the leaflet edges when
sufficient tissue along a coaptation plane exists. (B) Next, the leaflets are inspected; using the same nerve hook, the
coaptation of the anterior and posterior leaflets is assessed. Sites of prolapse in a particular leaflet are noted. In addition
to the leaflets and subvalvular apparatus, the size of the annulus is evaluated. Any significant dilation will usually be
obvious, as seen by the inability of the leaflets to coapt after transvalvular saline injection.
tures (
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Depending on the underlying valve pathologic problem,
various reconstruction techniques are used. Because mal-
formations resulting in mitral valve incompetence usually
involve several anomalies, several repair steps may have
to be used in the same patient. As a rule, we use the
Figure 5 (Inset) Measurement of mitral valve diameter.
valve sizer with a tip similar to a Hegar dilator, or a H
coworkers1 is helpful in determining the normal va
important to ensure that the mitral valve orifice area
specified in the nomogram (Appendix 1). If the surge
the annular shortening sutures, a Hegar dilator may
dilator in place. In this way, overtightening of the sustrongest available sutures, which come with a comfort-ably small needle. The size of the needle ultimately de-
pends on the surgeon’s preference. This takes into account
the fact that the enormous power of growth will eventually
tear even strong sutures. The preferred sutures used for
repair in children are 3-0 polypropylene, and in infants are
5-0 propylene. Whenever necessary, pledgets and annu-
lar reinforcement strips of autologous pericardium are
ry important to size the valve. We use either a special
lator itself. The nomogram published by Rowlatt and
meter for a specific BSA. To prevent stenosis, it is
repair is not more than 10% smaller than the value
oubtful about the size of the valve after placement of
rted through the valve and the sutures tied with the
which could produce stenosis) is avoided.It is ve
egar di
lve dia
after
on is d
be inseused.
266 R. Hetzer and E.M. Delmo WalterFigure 6 Mitral cleft. (A) A mitral cleft
is assessed for the presence of sufficient
tissue. A saline injection through the
valvewill bring the cleft into apposition.
This maneuver also helps to expose the
entire length of the cleft, from the fi-
brous skeleton to the chordae. The cleft
maybe positioned centrally, asymmetri-
cally, or at any point on the posterior
leaflet. The chordae are inspected. (B)
When sufficient leaflet tissue is present
on both sides of a cleft, the cleft is re-
pairedby suturing theedgesof the leaflets
together from where the cleft begins, up
to the free margin of the leaflets, with in-
terruptedpolypropylene suture.The cleft
should be completely closed and the
valve opening diameter should be at
least 10% below the norm based on the
BSA dependent mitral valve diameter
(Appendix 1). If insufficient coaptation
is achieved after cleft closure, a poste-
rior annulus shortening, either modi-
fied Kay-Wooler (Fig. 7) or Paneth an-
nuloplasty (Fig. 8), may have to be
added.
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small infants. Annular dilation is best re-
paired with a Kay-Wooler annuloplasty,
modified by using pledgets of untreated au-
tologous pericardium (A). A double-ended
polypropylene suture is anchored to an au-
tologous pericardial pledget. A mattress su-
ture is started by placing the needle through
the fibrous body of the trigone. Both needles
are run along the annulus fibrous tissue, for
approximately 1/4 of the posterior annulus
length. A pledget is added and the suture is
tied firmly. The same procedure is per-
formed on the opposite trigone. (B) This re-
sults in shortening of the posterior annulus.
This is also the preferred technique in critical
ischemic mitral incompetence, and in repair
of Bland White Garland syndrome.
268 R. Hetzer and E.M. Delmo WalterFigure 8 For children and adolescents with se-
verely dilated annulus. A severely dilated annu-
lus is best operated on with a modified Paneth-
Hetzer technique. (A) An autologous pericardial
pledget is anchored to a 3-0 polypropylene su-
ture with a relatively small needle. This suture is
placed through the fibrous body of the trigone
and tied. It is then run along the annulus from 1
trigone toward the middle section of the poste-
rior annulus. The same is done from the oppo-
site trigone. These sutures are then tied over an
appropriately sized Hegar dilator to prevent
overnarrowing of the valve orifice. The valve is
then tested with saline injection for compe-
tence. (B) Using the same needles, both sutures
are passed onto an untreated autologous peri-
cardial strip. Then, with continuous suture, the
pericardial strip is attached to the posterior an-
nulus from themidsegment toward the trigones.
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Repair of congenital mitral valve insufficiency 269Figure 8 (C) The continuous suture is then
anchored to the pledget and previously
placed trigonal suture, and tied firmly,
avoiding any further narrowing of the ori-
fice. The same is done on the opposite side. A
few additional interrupted sutures along the
pericardial strip are placed for reinforce-
ment. The nomogram of Rowlatt1 is helpful
n determining the normal valve diameter for
specific BSA, to prevent stenosis. Leaflet
oaptation is tested by forceful injection of
aline with a bulb syringe through the valve,
nd looking for residual regurgitation. We
lso use this technique in anterior leaflet pro-
apse; the resulting wider coaptation plane
ill eliminate prolapse. Shortening the pos-
erior annulus produces wide and even co-
ptation, in such a way that when the ante-
ior mitral leaflet closes, the border between
he smooth and rough surface of the anterior
eaflet forms the closure line with the poste-
ior leaflet, without folding. (D) Precautions
ust be observed to avoid the SAMphenom-
non, seen as “folding” of the anterior leaflet
hen the valve is tested with saline instilla-
ion into the ventricle. The folding appears
hen the valve opening is made too narrow
y overshortening (overreduction) of the
osterior annulus.
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Postoperative care follows age-related treatment in the inten-
sive care unit. For mitral repair, it is essential to place a
separate left atrial pressure line for close hemodynamic mon-
itoring. There is no need for anticoagulation. Repeat trans-
thoracic echocardiography is performed before discharge,
then annually, or if clinically indicated.
Outcomes
Limited durability of repair is a major setback of mitral valve
repair in infants and children. With meticulous intraopera-
tive assessment of valve morphology and appropriate selec-
tion of the repair strategy, repair can be long-lasting. In com-
Figure 9 Posterior leaflet prolapse from ruptured chordae. P
commonly found in the regionof P2. (A)Thismay lead to cho
plication plasty. (B) The flail segment is plicated toward the le
of double-ended polypropylene pledgeted with untreated au
segment. The sutures are then tiedfirmly. The valve is testedw
is assured, thevalvediameter is checkedwithaHegardilator (s
a strip of autologous pericardium is sutured continuously o
annulus up to both trigones, where the sutures are tied to sep
fibrous body, supportedwith pericardial pledgets (C). No fur
interrupted sutures are placed in addition to the continuous s
sides immediately next to the plication suture line at the levelparison to adults, where failure of mitral valve repair ismostly caused by the progression of underlying disease, in
children, repair failure is mainly caused by growth of the
heart, which can easily break even strong repair sutures.
Our actuarial freedom from repeat mitral valve reconstruc-
tion is 91.1 1.5%, and freedom from mitral valve replace-
ment is 81.1  7.5% at 20 years’ follow-up.2
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Cardiac Valve Sizes According to Calculated Body Surface Area (BSA)1
BSA (m2)
Valve Diameter (mm)
Mitral Tricuspid Aortic Pulmonary
0.25 11.2 13.4 7.4 8.4
0.30 12.6 14.9 8.1 9.3
0.35 13.6 16.2 8.9 10.1
0.40 14.4 17.3 9.5 10.7
0.45 15.3 18.2 10.1 11.3
0.50 15.8 19.2 10.7 11.9
0.0 16.9 20.7 11.5 12.8
0.70 17.9 21.9 12.3 13.5
0.80 18.8 23.0 13.0 14.2
0.90 19.7 24.0 13.4 14.8
1.00 20.2 24.9 14.0 15.3
1.20 21.4 26.2 14.8 16.2
1.40 22.4 27.7 15.5 17.0
1.60 23.1 28.9 16.1 17.6
1.80 23.8 29.1 16.5 18.2
2.00 24.2 30.0 17.2 18.0
The approximate standard deviations for mitral valve are 1.9 mm (BSA < 0.3 m2) and 1.6 mm (BSA > 0.3 m2).
